Three new acetylated terpenoids, rhabdaprovidines A-C (1-3), were isolated from the Vietnamese sponge Rhabdastrella providentiae. Their chemical structures were established by HR-ESI-MS, 1D and 2D-NMR experiments. These compounds share 6,6,5-tricyclic nucleus of isomalabaricane-type triterpene, the specific secondary constituents from Rhabdastrella species. Compounds 1-3 inhibited NO production in LPS stimulated BV2 cells with IC 50 values of 20.4 ± 1.5, 17.5 ± 0.9, and 46.8 ± 2.3 µM, respectively.
The sponges belonging Rhabdastrella genus have been reported around 19 species and widely distributed in Asian tropical oceanic shallow waters [1, 2] . Chemical investigations on Rhabdastrella sponges were attracted to study but mostly focused in the R. globostellata species. Literature surveys indicate that Rhabdastrella sponges are rich sources of isomalabaricane-type triterpenes [3] [4] [5] . They are rare triterpenes in nature due to their chemical structures contain a trans-syn-trans 6,6,5-tricyclic nucleus. Besides, isomalabaricane-type triterpenes were reported to have potent cytotoxic activity, protein tyrosine phosphatase 1B inhibition, and stabilize binding of DNA polymerase β to DNA [4, [6] [7] [8] . In contribution to clarify chemical constituents from Rhabdastrella sponges, herein, we report the isolation and structure elucidation of three new acetylated terpenoids sharing trans-syn-trans 6,6,5-tricyclic junction from the sponge R. providentiae. In addition, inhibitory effects of isolated compounds on the NO production in LPS stimulated BV2 cells were also evaluated.
Fresh sponge samples were macerated in methanol. Resulted extract was concentrated, suspended in water, and separated by extraction with dichloromethane. The dichloromethane soluble fraction was then purified using flash column chromatography to give three compounds 1-3 ( Figure 1 Furthermore, the close similarity of NMR data between 2 and 1 expected they to be a pair of isomers. The significant NMR data differences between them were resonant signals from C-12 to C-18 (Table 1) , indicating the differences in geometric configuration of double bonds. In this regard, NOE correlations of protons around double bonds were carefully examined. The NOESY correlations between H-22 (δ H 1.38) and H-15 (δ H 6.74) demonstrated Econfiguration of double bond C-13/C-14 meanwhile Econfiguration of double bond C-15/C-16 was indicated by large J coupling constant of H-15/H-16 (J = 16.0 Hz) and by NOESY correlation of H-18 (δ H 2.25)/H-16 (δ H 6.02). Therefore, compound 2 was determined to be 13E geometric isomer of 1 and named as rhabdaprovidine B.
Compound 3 was also obtained as a yellow oil. A molecular formula of 3, C 24 H 38 O 5 , was deduced from a quasi-molecular ion peak at m/z 429.2614 [M+Na] + (calcd for C 24 H 38 O 5 Na, 429.2617) in the HR-ESI-MS and in conjunction with 13 C NMR data. The 1 H and 13 C-NMR data of 3 ( Table 1 ) also suggested that 3 contains similar 6,6,5-tricyclic nucleus as those of compounds 1 and 2. However, the disappeared resonant signals of trans-vinylene group in the NMR spectra and the loss of C 2 H 2 unit from molecular formula of 3 in comparison with those of 1 and 2 indicated the loss of transvinylene group (a double bond at C-15/C-16) in the side chain of compound 3 (Figure 1 ). Aforementioned predictions were further confirmed by HMBC correlation from H-18 (δ H 1.82) to acetal carbon C-17 (δ C 100.2). In addition, Z-configuration of double bond C-13/C14 was deduced by NOESY correlation between H-22 (δ H 1.35) and H-18 (δ H 1.82). Consequently, chemical structure of 3 was established and named as rhabdaprovidine C. (Table 2) . Butein, a well-known inhibitor on NO production in LPS stimulated BV2 cells, was used as a positive control throughout experiments. In summary, chemical investigation of the sponge R. providentiae resulted isolation of three new acetylated terpenoids containing trans-syn-trans 6,6,5-tricyclic nucleus of isomalabaricane-type triterpenes. Besides potential survey on cytotoxic activity, our results suggest that isomalabaricane analogs such as compounds 1-3 also promising anti-inflammatory activity by inhibiting NO production.
Experimental
General: Optical rotations, Jasco DIP-370 automatic polarimeter; NMR, Bruker AM500 FT-NMR spectrometer; HR-ESI-MS, Agilent 6530 Accurate Mass Q-TOF LC/MS system. 
Extraction and isolation:
The fresh samples of R. providentiae (30 kg) were cut into small pieces and extracted with MeOH for three times (each 50 L, 2 hrs in ultrasonic bath, room temperature) to give methanol extract. After removal of the solvent, methanolic extract (420 g) was suspended in water and partitioned with dichloromethane to obtain dichloromethane residue (200 g). This residue was then subjected on a silica gel column chromatography (CC), eluting with gradient solvent system of methanol and dichloromethane (0-100% volume of methanol) to give four fractions D1-D4. The D2 fraction (42.0 g) was repeatedly chromatographed on reverse phase C-18 (RP-18) resins column and eluted with methanol/water (3/1, v/v) to obtain three sub-fractions D2A-D2C. The D2C fraction was chromatographed on a silica gel CC eluting with dichloromethane/acetone (3/1, v/v) to give two subfractions D2C1 and D2C2. The D2C2 sub-fraction was repeatedly loaded on other silica gel CC and eluted with dichloromethane/ ethyl acetate (6/1, v/v) to give compounds 2 (19 mg) and 3 (15 mg). Next, D3 fraction was separated on a silica gel CC, eluting with n-hexane/ acetone (3/1, v/v) to give three fractions D3A-D3C. The D3A fraction was first chromatographed on a RP-18 resins column eluting with methanol/ water (4/1, v/v) and further purified on a silica gel CC eluting with n-hexane/ ethyl acetate (2/1, v/v) to give compound 1 (18 mg). 
Nitric oxide assay:
The nitric oxide production in BV2 cells was measured by Griess reaction via an indicator, nitrite concentration, as previously described [9] . In brief, BV2 microglial cells were maintained in supplemented DMEM containing 10% heatinactivated fetal bovine serum, penicillin G (100 units/mL), streptomycin (100 mg/mL), and L-glutamine (2 mM) at 37°C in humidified atmosphere (5% CO 2 and 95% air). The cells were then cultured in 96-well culture plates (2×10 4 cells/well) for 18h, treated with various concentrations (0-80 µM) of compounds, and followed by stimulation with LPS (1 µg/mL) for another 24h in incubator. After that, cell viability was measured by MTT assay [10] . The accumulated nitrite amount in the culture medium were measured from a standard curve which was built by NaNO 2 serial dilution.
Supplementary data: HR-ESI-MS and NMR spectra of compounds 1-3 can be found in the online version.
